To find Epstein-Barr virus (EBV) strains with genetic variations of EBV latent membrane protein 1 (EBV-LMP1) from nasopharyngeal carcinoma (NPC), the full-length DNA of LMP1 genes from 21 NPC biopsies obtained in Hunan province in southern China was amplified and sequenced. Our sequences were compared to those previously reported by the Clustal V method. Results showed that all 21 sequences displayed two amino acid changes most frequently in LMP1 of CD4 + T cell epitopes at codons 144 (F→I, 21/21) and 212 (G→S, 19/21) or (G→N, 2/21). We also show that type A EBV strain is prevalent in the cases of NPC from Hunan province with a 30-bp 18/21 deletion, and we highlight that this deletion resulted in loss of one of the CD4 + T cell-restricted epitopes. The other 3 sequences without this deletion all had a change at codon 344 (G→D). Furthermore, in the major epitope sequence of CD8 + T cells restricted by HLA-A2, all 21 sequences showed changes at codons 126 (L→F) and 129 (M→I). Our study discovered that one of the 21 sequence variations harbored a new change at codon 131 (W→C), and 5/21 specimens showed another novel change at codon 115 (G→A) in the major epitope sequence of CD8 + T cells restricted by HLA-A2. Our study suggests that these sequence variations of NPC-derived LMP1 may lead to a potential escape from host cell immune recognition, protecting latent EBV infection and causing an increase in tumorigenicity.
Introduction
It is now known that Epstein-Barr virus (EBV) infects more than 90% of the world's adult population. Upon infection, the individual remains a lifelong carrier of the virus. EBV is strongly associated with the development of several cancers, particularly with Burkitt's lymphoma, Hodgkin's disease, lymphoproliferative disorders, and nasopharyngeal carcinoma (NPC) (1) . The clonal EBV genome is consistently detected in invasive carcinomas and highgrade dysplastic lesions (2, 3) . Such observations imply that latent viral infection may have taken place before the expansion of the malignant cell clone. A current hypothesis proposes that EBV plays a critical role in transforming nasopharyngeal epithelial cells into invasive cancer (4) . Latent membrane protein 1 (LMP1) is of special interest since it is generally considered to be the main EBV oncogene (5, 6) . EBV, in conjunction with environmental and genetic factors, plays a role in the development of NPC.
Recent studies have suggested that some of the sequence variations in the LMP1 gene such as a 30-bp deletion and multiple base substitutions and amino acid changes Genetic variations of EBV-LMP1 www.bjournal.com.br in HLA-A2-restricted cytotoxic T lymphocyte (CTL) epitopes are associated with an increase in tumorigenicity and with a decrease in immune recognition (7, 8) . HLA-A2-restricted CD8 + epitopes in LMP1 that are recognized by CTLs from healthy, EBV-seropositive individuals have been identified (9) . Data indicate that EBV strains with specific variants of LMP1 are more likely to be found in NPC (10) . Furthermore, although previous studies on LMP1 have indicated the existence of NPC-specific strains and variation of the LMP1 gene in some regions in southern China (6, 11) , this information is not known for Hunan, a province in southern China. Thus, it is critically important to study variations of the LMP1 gene since Hunan is also one of the high-risk areas for NPC (12) .
Thus, in the present study, DNA and amino acid sequence analyses were conducted by the Clustal V method to detect EBV strains with genetic variations of EBV-LMP1 integrated in the NPC genome, to evaluate specific sequence variations within HLA-A2-restricted epitopes and to find EBV strains with specific variants of LMP1 in NPC biopsy specimens obtained from patients from Hunan province. Twenty-one full-length LMP1 genes were amplified and sequenced.
Material and Methods

Biopsy specimens
A total of 21 NPC biopsy specimens were collected from patients in Hunan province in southern China, ranging in age from 31 to 64 years. Four were females and 17 were males. A part of each specimen was submitted to histopathological diagnosis of NPC in the Pathology Department of the First Affiliated Hospital of Xiangya Medical School, Central South University, and the remainder was snap-frozen and kept in liquid nitrogen for subsequent DNA analysis.
Isolation of DNA
Genomic DNA was prepared from 21 NPC biopsy samples as described previously (6) . NPC tissues were digested for 16 h at 55°C in a buffer that contained 10 mM Tris-HCl, pH 8.0, 100 mM NaCl, 25 mM EDTA, and proteinase K (0.1 mg/mL). Samples were extracted twice with an equal volume of phenol/chloroform and dialyzed against 10 mM Tris-HCl, pH 8.0, and 1 mM EDTA. RNase A (100 µg/mL) was added to the dialyzed sample and incubated at 37°C for 2 h, followed by phenol/chloroform extraction and dialysis.
Polymerase chain reaction amplification and DNA sequencing
The full-length DNA of the LMP1 gene was amplified by polymerase chain reaction (PCR) using primers P-L 
Phylogenetic analysis
Nucleotide sequences of LMP1 were translated into amino acid ones corresponding to that of the prototype B95-8 and were aligned by the Clustal V method using the Megalign software (DNA Star, Inc., Madison, WI, USA). Genetic distance and the phylogenetic tree were determined.
Nucleotide sequence accession numbers
The nucleotide sequence data of LMP1 from 21 NPC reported in the present paper are available in the GenBank database under accession numbers EF419184-EF419204.
Epstein-Barr virus genotyping
The primers selected to amplify strain-specific variations in the EBNA-3C gene loci have been previously reported (11, 13) . Conditions and parameters for PCR amplification of the EBV DNA sequence corresponding to the EBNA-3C gene were as described by Cheung et al. (11) . The sizes of the PCR products were analyzed by agarose gel electrophoresis. DNA from B95-8 and Jijoye cells was used for control of the type A strain and type B strain, respectively.
Results
General sequence characteristics of the LMP1 gene
The full-length LMP1 gene from biopsies was amplified by PCR and determined by and compared with the sequences of the prototype B95-8, NPC-CAO strain (GenBank accession No. AF304432), and NPC strains (China1, China2, AY601307 (NPC1-Lin)), respectively. Sequence analysis revealed that the LMP1 genes from NPC samples were 82.6-91.7 and 89. .7% similar at the amino acid level to those of the B95-8 strain, AY601307 (6), respectively. Pattern 1 reported by Lin et al. (6) www.bjournal.com.br among the cases of NPC found in Hunan Province of Southern China. The full LMP1 sequences from NPC8 and NPC15 were fully identified (100%) and were found to be the same as the sequence of AY601307, except that the latter has one more copy of an 11-amino acid repeat. The phylogram tree is shown in Figure 1 . Loss of an XhoI cut site occurred at the N-terminus (21/21). A high frequency of deletions or mutations or multiple base substitutions leading to amino acid changes in LMP1 from NPC tissues was found in Hunan Province (Figure 2 ).
Epstein-Barr virus genotyping
The primers chosen to amplify the EBNA-3C genes encompass strain-specific deletions (13) . A representative result was shown in Figure 3 . It showed 153-bp fragments from B95-8 and 21 NPC cases, as shown by NPC1-11. The expected size of the PCR product of the type A strain was 153 bp, as demonstrated by the B95-8 control, and the expected size of the type B strain was 246 bp, as shown by Jijoye cells. All EBV genotypes isolated from 21 NPC cases from Hunan province were type A of the EBV strain.
Sequence variations in CD4+ T cell epitopes
Leen et al. (14) showed that three peptides in LMP1 were CD4+ T cell epitopes. In the present study, 85.7% (18/21) of the NPC-LMP1 sequences displayed the 30-bp deletion, which resulted in loss of the third CD4+ T cell epitope. The three sequences without this deletion all had a change at 344 (G→D). Furthermore, the most frequent amino acid changes in the DNA sequences occurred at two positions: at amino acids 144 (F→I, 21/21) and 212 (G→S, 19/21) or (G→N, 2/21), and some sporadic mutations also occurred at other amino acids in the LMP1 of CD4+ T cell epitopes ( Table 1) .
Analysis of HLA-A2-restricted epitopes
The DNA sequences of 12 potential HLA-A2-binding peptides (amino acids 32-181) within LMP1 were analyzed (6) . DNA sequence changes that resulted in amino acid changes were detected in peptides 1, 2, 5, 8, 10, and 11 ( Table 2 ). Of particular interest was peptide 1, which was identified previously as the major HLA-A2-restricted CTL epitope in LMP1 (9) . The DNA sequence of peptide 1 displayed amino acid changes at the following three positions: 126, 129 and 131. At amino acid 126, Leu was substituted by Phe in 100% (21/21) of EBV isolates from NPC specimens. At amino acid 129, a consistent change from ATG to ATT resulting in an amino acid change from Met to Ile was detected in 100% (21/21) of EBV isolates from NPC samples, and NPC4 had a point mutation at residue 131 where TGG (Trp) was simultaneously changed Figure 1 . Figure 1 . Figure 1 . Figure 1 . Figure 1 . The phylogram tree of the LMP1 gene at the amino acid level from 21 cases of nasopharyngeal carcinoma (NPC; compared with the sequence from the prototype B95-8, NPC-CAO, China1, China2, NPC1-Lin).
to TGC (Cys). This patient was a 56-year-old man with poorly differentiated nasopharyngeal squamous cell carcinoma. Peptide 10 had an amino acid substituted at residue 115 where GGG (Gly) was changed to GCC (Ala) in 23.8% (5/21) of NPC samples. It was the first time that these variations were reported in the EBV-LMP1 gene from NPC compared with that from the prototype B95-8.
Copy numbers of the 33-bp repeat in latent membrane protein 1
Previous reports have shown the presence of a varying copy of an 11-amino acid repeat between amino acids 250 and 308 in the carboxy-terminal domain of LMP1. Examination of the 21 DNA sequences revealed that 14 of them had four copies of this repeat, 5 of them had five copies, and 2 had a maximum of seven copies. There was no correlation between copy numbers of repeat elements and disease status (P > 0.05).
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Discussion
In contrast to the expression of nearly 100 viral genes during replication, EBV-targeted cells express at most 12 latent genes. These genes are usually activated and proliferate to express 6 nuclear antigens, including EBNA-1, -2, -3 (3A), -4 (3B), -5 (LP), and -6 (3C), and 3 latent membrane proteins, LMP1, LMP2A, and LMP2B. Along with three kinds of untranslated RNAs, EBV encodes mRNA 1 and mRNA 2, and a family of BamH1A transcripts (15) . The limited numbers of viral genes expressed reduce the possibility of recognition of infected cells by CTLs. During the development of NPC, LMP1 is expressed in the absence of the EBNAs, the major viral CTL targets. Malignant cells that express LMP1 are not recognized due to the persistence of epitope changes in LMP1, and cells whose LMP1 epitopes are recognized would be eliminated. Our results showed that the pattern 1 reported by Lin et al. (6) is prevalent in NPC cases from Hunan, southern China. High frequencies of deletion and mutation in EBV-LMP1 from NPC tissues were found in Hunan, which is also one of the high-risk areas for NPC (12) . The data also indicated that LMP1 sequences from NPC tissues carry mutations which are likely to affect critical functions of the LMP1 gene. LMP1 sequences from NPC isolates significantly increased tumorigenicity when compared to LMP1 sequences from the prototype B95-8 strain or EBV isolates from normal B cells (16) , but the exact role of these mutations in enhancing tumorigenicity is not clear. CD4+ T cells are primarily known as helper immune In previous reports, the 30-bp deletion was regarded as a biomarker in NPC-LMP1 (7, 8, 20, 21) . Interestingly, NPC4 harbored a new change at 131 (W→C), which was involved in CD4+ and CD8+ T cellrestricted epitopes. Antigen presentation to CD4+ T helper cells was reduced owing to the potentiation of regulatory T cell function by NPC-LMP1 transfectants, which produce increased levels of interleukin-10, rendering CD4+ T cells hyporesponsive (22) . After primary EBV infection, T cells may not recognize activation by NPC-LMP1. These observations have important implications for the establishment of EBV-associated malignancy in the context of infection with tumor-associated EBV-LMP1 variants. Recent reports have also indicated that variant sequences of CD8+ CTL responses can result in poor recognitions by specific T cells (10, 23) . Polyclonal CD8+ CTLs that recognized the peptide epitopes YLLEMLWRL and YLQQNWWTL from LMP1 in association with HLA-A2 were isolated from seropositive donors (9) . Most of the sequence variations in LMP1 detected in our study are consistent with those reported by Lin et al. (6) and Edwards et al. (10) for different EBV strains while the variation in peptide 10 was first reported here (residue 115 (G→A)). This variation was not associated with clinical stage, patient age or gender (P > 0.05) in the limited samples. Furthermore, the results also demonstrated that the LMP1 sequence in EBV strains present in NPC patients from Hunan differed from that of B95-8, and that the main A2-restricted T cell epitope (amino acids 125-133: YLLEMLWRL) showed variations which were also present in patients from other regions (6) . This variant sequence is not recognized by epitope-specific T cells; this correlates with reduced binding of the variant peptide sequence to HLA-A2 molecules (24) . The prevalence of an HLA-A2-restricted 'epitope loss variant' of LMP1 in a southern Chinese population with a high A2 prevalence may therefore contribute to immune escape by malignant cells that express LMP1. Functional assays of the CD8+ epitope variant showed that EBV isolates from NPC were dominated by an HLA-A2-restricted 'epitope-loss variant' of LMP1, which would allow the virus to resist immune recognition and may contribute in part to the prevalence of NPC in these populations (25) .
We have obtained a panel of data about full-length LMP1 from the NPC high-risk area of Hunan province, and found some novel variations in this study. Although these novel variations were found in the limited number of samples, they are involved in changes of several potential T cell epitopes. These variations may help some EBV strains to obtain stronger immune resistance in their evolution. The striking consistent sequence variations of LMP1, especially in CD4+ T cell epitopes and HLA-A2-restricted CD8+ CTL epitopes, may contribute to the transformation of epithelial cells in NPC by reducing immune recognition and inducing tumorigenic activities and also by molecular differences and biological properties still to be elucidated. Of course, at present, strain identification based on the data from a limited region in LMP1 and these preferential infections cannot be solely attributed to this difference. Functional analysis of LMP1 is underway and biological assays such as transfection experiments are further required to clarify the roles of each LMP1 variant in cell proliferative diseases. We have described a new technology of infectious cloning for the study of gene function in the Epstein-Barr virus genome (26) .
